change the perceived operational sex ratio, although it did change the perceived adult sex ratio.
Griskevicius et al. ' s [4] study may have four major implications. First, it suggests that socio-economic decisions -for example, savings, borrowing, purchases and financial commitments -can be investigated within a biological framework, of which sexual selection is a prime candidate. This implies that high risk strategies, such as investing in subprime mortgages, drilling for oil in delicate environments or skyrocketing debts, may follow imbalanced sex ratios.
Second, adult sex ratio may influence whole economies and societies. Human sex ratios vary between countries, states and settlements, and a striking implication is that a purely demographic feature, adult sex ratio, influences which businesses may flourish or fail. If sex ratios of newborn babies or the mortalities of males and females during childhood or adulthood may change in the coming decades, for instance due to sex-biased diseases, these will impact on the adult sex ratio.
Third, in societies where men are over-represented in the media, peoples' perceived adult sex ratio may be more male-biased than it is in reality. This could cause males in that society to be more short-term orientated and willing to borrow more to secure a mate.
Fourth, it is not yet known how future changes in adult sex ratio will influence human mate choice behaviour -social features such as families and economies. For example, when there is a scarcity of women, females start sexual activity earlier and have more pre-marital and extra-marital affairs [9] . As a response to female behaviour, partnered men might become more vigilant and intrusive given the pressure by unmarried men, and they may attempt to prevent their partners from engaging in activities that might threaten the relationship. In contrast, when there is a scarcity of men, women in relationships might lower their demands for investment.
In In the late 70s Richard Lewontin famously stated that obtaining ''compelling evidence for changes in enzymes brought about by selection, not to speak of adaptive changes'' had proven ''remarkably difficult'' [1] . Is it any easier today to unequivocally distinguish functionally important, adaptive mutations from neutral mutations undergoing genetic drift [2, 3] ? While the rapid decrease in DNA sequencing costs [4] , coupled with community-based systematic surveys, has created a deluge of genome sequences, and sophisticated molecular biological and chemical techniques now allow facile manipulation of DNA, RNA and proteins, Lewontin's observation remains largely still true, as providing compelling evidence requires in vivo studies that examine proteins in their native environment, the context in which they evolved. To perform these in vivo studies there are three prerequisites: a tractable question; an appropriate organism; and a suitable protein system. In a recent Cell paper, Capra et al. [5] provide convincing solutions to these requirements by using bacterial two-component signaling systems to answer a longstanding question in protein evolution: are post-duplication insulation events that disable crosstalk with other related signaling pathways the result of adaptive or neutral mutations? The authors carried out a very savvy set of experiments, including the reversal of key mutations to recapitulate the evolutionary history in vivo.
Two-component systems enable bacteria to respond to changing environmental conditions [6, 7] . In a typical two-component system, a histidine protein kinase senses an important environmental feature and phosphorylates its cognate response regulator. The phosphorylated response regulator binds characteristic DNA sequences to change gene expression levels to match existing environmental conditions. These signaling systems constitute a major -arguably the primary -signal transduction pathway in prokaryotes [8] . In 2006, Alm et al. [8] reported a phylogenetic analysis of nearly 5,000 histidine kinases from 207 sequenced prokaryotic genomes: this analysis revealed that family expansion, through gene duplication and divergence, had been the major source of new, or paralogous, signaling histidine kinase/response regulator pairs.
The number of two-component systems can vary greatly between different bacterial species. Mycoplasma genitalium at one extreme end has no two-component systems and Myxococcus xanthus, at the other, contains 132 histidine kinases and 119 response regulators [7] . One of the key players in their analysis, Escherichia coli, encodes 30 histidine kinases and 32 response regulators in its genome. Expansion through a gene duplication-divergence strategy creates the possibility of crosstalk between the diverging signaling system and other two-component signaling pathways. After gene duplication, one copy fulfills the gene's previous function, while the other copy takes on other functions through a series of mutations. But mutations in the specificity domain could lead the diverging gene to resemble still another member of the large two-component family, and 'crosstalk' between the two signaling systems could lead to garbled signaling and inappropriate cellular responses. Capra et al. [5] investigated the molecular changes that eliminate crosstalk of paralogous bacterial signaling systems in the light of protein evolution.
In their publication, Capra et al. [5] reconstruct the coevolution of two-component systems in two bacterial clades using the model a-proteobacterium Caulobacter crescentus and the model g-proteobacterium E. coli. They focused on the two-component system that regulates gene transcription in response to free phosphate: PhoR, the histidine kinase, and PhoB, the response regulator [9] . Both the a-and b-clades contain only a single PhoR-PhoB ortholog -the genes have no duplicates in their respective organisms. An extensive phosphotransfer profiling of both a-and g-PhoR then yielded a singular but significant result: g-PhoR can cross-phosphorylate g-PhoB, its cognate response regulator, and a-NtrC, a response regulator of the a-proteobacterium C. crescentus. The NtrB-NtrC system regulates gene expression in response to nitrogen availability. Because a-PhoR does not phosphorylate a-NtrC, there is no crosstalk in C. crescentus. E. coli encodes only a single Ntr system (g-NtrB-NtrC), which is well-insulated from g-PhoR-PhoB. C. crescentus, however, encodes two members of the Ntr-family: a-NtrB-NtrC and a-NtrX-NtrY. All of these findings suggest a picture in which the two a-NTR systems evolved from a common ancestor by gene-duplication and divergence, the diverging pair, NtrX-NtrY, engaged in deleterious crosstalk with the existing PhoR-PhoB system, and the PhoR-PhoB system evolved through adaptive mutations to eliminate the crosstalk (Figure 1) . As a result, three insulated signaling pathways have emerged.
Capra et al.'s [5] study meets Lewontin's bar for compelling evidence by going beyond the phosphotransfer profiling and bioinformatics analysis that provide a plausible account of how the systems evolved and creating mutants that allowed them to retrace their evolutionary paths of both the a-NtrX-NtrY and a-PhoR-PhoB systems. A mutant that enables crosstalk between the two systems leads to a strongly deleterious phenotype. Abolishing this Pho-Ntr crosstalk by post-duplication divergence increases the fitness of the organism. Systematic alteration of the amino acids that are crucial for specificity [10] [11] [12] [13] [14] in the histidine kinase-response regulator interactions allowed the authors to recreate the evolutionary history via mutations in both the specificity domain of the histidine kinase and response regulator pair shown schematically in Figure 1 . Competition experiments then show that the mutants allowing for crosstalk have detrimental effects on the organism. The in vivo data provide convincing evidence for the driving force of such mutations: detrimental effects necessitate adaptive mutations and disfavor a theory in which the occurrence of paralogous signaling systems in prokaryotes is the result of neutral mutations.
In addition to its valuable insights into the evolution of members of an important bacterial signaling system, the Capra et al. [5] paper reinforces some larger lessons about the current research environment. The first is the importance of large-scale systematic studies -the multiple proteobacterial genomes that identified the almost 5,000 histidine kinases [8] and the almost 400 assays that documented the abilities of various PhoRs to phosphorylate the response regulators of C. crescentus. The second is the importance of in vivo assays to validate in silico bioinformatic and in vitro biochemical analyses. Combined, these approaches not only cleared the Lewontin bar, they set a high bar for subsequent studies. 
